We present new BV I CCD photometry for variables in the globular cluster M15. Our photometry was obtained using both the image subtraction package ISIS and DAOPHOT/ALLFRAME. The data were acquired in 2001 on two observing runs on 11 observing nights using the 2-m telescope of the Bulgarian National Astronomical Observatory "Rozhen" with a Photometrics CCD camera. we argue that M15 is indeed a bona-fide Oosterhoff type II globular cluster.
Introduction
The metal-poor globular cluster M15 = NGC 7078 ([Fe/H] = −2.26; Harris 1996) was one of the three original "type II" (OoII) clusters identified in Oosterhoff's (1939) seminal paper. It is a post-core-collapse cluster with an extraordinarily dense center (Sosin & King 1997) . Observations of its RR Lyrae variables have long been seen as important to clarifying the origin and nature of the Oosterhoff phenomenon. M15 is known to contain over 180 intrinsic variables, predominately RR Lyraes (Clement et al. 2001 and references therein).
RR Lyrae variables provide crucial information for estimating globular cluster ages and distances, as summarized by Smith (1995) . They are easily identified by their distinctive light curves and are bright enough to be observed to considerable distances. Their absolute magnitudes appear to be quite restricted. The range of RR Lyrae luminosities is discussed, among others, in Carney (2001) , Harris (2001) , and Catelan (2007) . Stellar variability studies of globular clusters are also of fundamental importance to understanding both stellar and cluster evolution, as well as to constrain the formation history of the Galaxy and its nearby satellites (Catelan 2007 ).
The variables in M15 were previously studied by Sandage, Katem, & Sandage (1981) , Bingham et al. (1984) , Silbermann & Smith (1995) , Butler et al. (1998 ),Ó Tuairisg et al. (2003 , Zheleznyak & Kravtsov (2003, hereafter ZK03) , and Arellano Ferro, García Lugo, & Rosenzweig (2006) among others. In the present paper, we present the results of a new variability analysis of the cluster, carried out using both image-subtraction techniques and the standard DAOPHOT/ALLFRAME analysis. We provide periods for 39 previously known variables whose periods were unknown, improved periods for 30 previously known variables, and periods for 14 new variables. In §2, we discuss our observational material and reduction procedures. In §3, we present our periods and derived light curves in either absolute B magnitudes or relative B fluxes. §4 discusses standard magnitudes and -5 -light curve amplitudes, as well as the cluster's Oosterhoff classification, while §5 contains notes on individual stars. We close in §6 by summarizing our main results.
Observations and Data Reduction

Observations
Time-series photometry was obtained during the interval 2001 July 13 to 2001 July 19 with the 2-m Ritchey-Chrétien telescope of the Bulgarian National Astronomical Observatory "Rozhen" with a Photometrics CCD camera. This represents almost all of our data. During the interval 2001 September 18 to 2001 September 25, using the same telescope and instrument, a few additional images were obtained. The scale at the Cassegrain-focus CCD was 0.33 arcsec per pixel and the observing area was centered on the cluster center. In total 230 B, 201 V , and 163 I frames were obtained, with seeing between 0.8 and 1.2 arcsec. In order to resolve better the cluster center, we observed M15 in two different CCD modes, unbinned 1024 × 1024 CCD format in the nights with the best seeing and in binned 512 × 512 CCD format on the other nights.
Data Reduction
The raw data frames were processed following standard procedures to remove the bias, trim the pictures, and divide by mean sky flats obtained using color-balanced filters. No attempt was made to recover bad pixels or columns. We employed the image subtraction package ISIS V2.1 (Alard & Lupton 1998; Alard 2000) on these images. The resulting differential flux data produced light curves for a large number of variables. These stars were initially matched with those in the Clement et al. (2001) online catalog, and later as OT03 and ZK03 came out, with their newly discovered variables. In this analysis 13 new variables -6 -were discovered. A later DAOPHOT/ALLFRAME analysis (Stetson 1994) on the same data resulted in better astrometry. An additional variable was detected in this analysis.
For the DAOPHOT/ALLFRAME analysis, the following procedure was used to determine the RA and Dec of the variable stars. Absolute equatorial coordinates (equinox J2000.0) for 11,738 stars within a 1 (1979a, 1979b) . The program DAOMASTER was used to transform the photographic positions together with those from our CCD reductions to the (ξ, η) coordinate system defined by the USNO Guide Star catalog. From there, they could be transformed to the J2000.0 equatorial system of the USNO-A2.0 catalog. We anticipate that our absolute positions for uncrowded , well-exposed stars are accurately on the mean USNO-A2.0 system to well under 0
′′
.1, but positions of very faint stars or blended stars are likely to be more uncertain than this. Table 1 gives the location of all the M15 variables found in this study in RA and
Periods and Light Curves
Dec. The positions come from the research program described in Stetson (2000) . Table 1 includes previously published periods when they exist and our newly determined periods.
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The variable type is also given in Table 1 .
Most of our data cover 7 days, spanning about 21 cycles for the shorter-period variables and about 10 cycles for the longer-period variables. There are a few additional data extending the time sequence to about 70 days. Because of the relatively short time interval of our data, periods are quoted to only 4 significant figures. Assuming we have correctly identified the variable, in several cases our period differs significantly from those previously published. In each case, the published period will not phase our data. Table 2 gives the location of selected variables, primarily recent discoveries, generally toward the center of the cluster. In Table 2 we have converted RA and Dec coordinates to arcsec from the center of the cluster, as in the Sawyer-Hogg (1973, hereafter S-H) and the Clement et al. (2001) catalogs. The procedure we used for obtaining those values is as follows. Our coordinates in RA and Dec (as shown in Table 1 ) were converted to the S-H system by matching many of our variables with known variables from the catalog. The coordinates in OT03 are also given in RA and Dec. Similarly, these were converted to the S-H system by matching the previous known variables given at the top of their Table 4 with their corresponding values in the Clement catalog. The coordinates in ZK03 are given in the S-H system. ZK03 also provide corrected S-H coordinates for variables 128 through 155. Table 2 is intended to indicate the reliability of our identifications of previously known variables.
Periods were determined using the period-search program "kiwi," which is based on the Lafler & Kinman (1965) algorithm. In other words, "kiwi" searches for periodicity by seeking to minimize the total length of the line segments that join adjacent observations in phase space, i.e., to maximize the smoothness of the light curve. (The "kiwi" program was kindly provided to us by Dr. Betty Blanco.)
Selected light curves based on our periods given in Table 1 given star are smoother for the ISIS data than for the DAOPHOT/ALLFRAME data.
The reason is that the ISIS reduction procedure consists of several steps. Initially, all the frames are transformed to a common coordinate grid. Next, a composite reference image is created by stacking several best seeing frames. For each frame, the composite reference image is convolved with a kernel to match its PSF and then subtracted. On the subtracted images, the constant stars cancel out, and only the signal from variable stars remains.
A median image is constructed of all the subtracted images, and the variable stars are identified. Finally, profile photometry is extracted from the subtracted images. Thus, using ISIS we have obtained the relative fluxes for every variable star without contamination of the neighbor constant star companions and with much smoother, if any, sky background.
Because of the standard magnitudes available in the DAOPHOT/ALLFRAME data, we chose to use these data for the figure whenever possible. ISIS data are used only for variables for which there were no DAOPHOT/ALLFRAME data or for which those data were extremely noisy. The internal precision of the photometry covers a wide range. For many stars the scatter about the mean loci is relatively small. For others it is barely sufficient to show that the star is in fact variable.
As already stated ( §2.1), our data consist of images taken in two different formats. 
Standard Magnitudes and Light Curve Amplitudes
Using the light curves produced by the DAOPHOT/ALLFRAME analysis, the magnitude-averaged and intensity-averaged mean magnitudes of the variables were determined. These are shown in Table 3 . Also shown in Table 3 are the BVI amplitudes.
These were determined from measurements made on hardcopies of the light curves. clearly be seen from this plot, the fundamentalized period distribution presents a clear peak at a value P f ≃ 0.53 d. A secondary "hump" is also hinted at, located at P f ≃ 0.67 d.
Both these features were previously noted and discussed in Catelan (2004) , who points out that neither of these features is predicted by canonical stellar evolution/pulsation theory.
In particular, such peaked distributions appear especially difficult to account for in terms of the evolutionary paradigm for the origin of OoII clusters, according to which RR Lyrae variables in the latter are evolved away from a position on the blue zero-age HB. Indeed, concerned. This is shown in Figure 5 , which provides a plot of B amplitude as a function of log period. As has long been known, for the RRab variables, the amplitude decreases -11 -as the period increases, while for the RRc variables, the amplitude first increases and then decreases with increasing period (Sandage 1981a) . Also shown in the Figure The location of an RRab variable in the period-amplitude plane of Figure 5 is a measure of its average luminosity, which is determined by its surface temperature and radius (the Stefan-Boltzmann equation). Sandage (1981a Sandage ( , 1981b , Jones et al. (1992) , Catelan (1998) , and Sandquist (2000) have shown that the B amplitude of an RRab variable is related to its effective temperature; the larger the amplitude, for a given metallicity, the higher the temperature (but see De Santis 2001). The pulsation equation relates the period of a variable star to its average density; the period is inversely proportional to the square root of the average density. Assuming that the masses of the variables are distributed in a narrow range, the period becomes a measure of the average size of the star; the longer the period, the larger the star. Thus, for a given amplitude (temperature), the longer period (larger) variables should be more luminous. Assuming all of the variables are cluster members and thus at about the same distance, the position of a variable in the period-amplitude plane should correspond to its apparent brightness.
When computing evolutionary models, it is much easier to provide as an output the stellar equilibrium temperature than the pulsation amplitude, given that the latter can only be computed on the basis of complex non-linear pulsation models, whereas the former is directly provided as output in any standard stellar evolution code. Therefore, period shifts (with respect to some convenient reference line) at fixed temperature are routinely computed when synthetic HB models are produced (see, e.g., Lee, Demarque, & Zinn 1990; Pritzl et al. 2002) . Observers, on the other hand, generally compute period shifts at fixed amplitude.
If amplitude is a good indicator of temperature, then the two diagrams are fairly equivalent, and the period shifts computed by modelers and observers can be directly compared.
V171 with a period of about 0.55 d and an amplitude of only 0.84 mag in B occupies -13 -an unusual position in Figure 5 . A possible explanation is that, as its period might suggest, it is a double-mode variable (0.55 d is the approximate fundamental period for M15 double-mode pulsators). A period of 0.3547 d does phase the data well, but this period is not at the proper ratio for the first-overtone period. Also, the plot at this period strongly resembles that of a fundamental pulsator. If V171 is, in fact, a double-mode pulsator, it appears as if the primary mode of pulsation is the fundamental mode, which would be unusual. Another possibility is that it is a Blazhko variable pulsating at less than maximum amplitude as discussed below.
In general, the expectation that the brighter RR Lyraes should fall closer to the OoII line in the Bailey diagram and that the dimmer ones should fall closer to the OoI line is confirmed in Figure 5 There are a number of explanations for why the luminosity indicated by the position of a variable on the Bailey diagram does not correspond to its apparent magnitude. As discussed above, if the star is a blended star, it will appear brighter than its pulsational properties indicate. If the star is not a member of the cluster, but is at a greater or lesser distance, its pulsational properties will not correspond to its apparent brightness. Ratnatunga & Bahcall (1985) indicate an expected 0.1 field stars with B − V ¡ 0.8 per square arcminute near the horizontal branch. The "Rozhen" images cover an area of about 32 square arcminutes, so we might expect 3 or 4 interloping field stars.
Another factor that might result in the location of the variable on the Bailey diagram There have been many variables previously identified as double-mode pulsators and many new candidates in our data. However, our data are not adequate to firmly constrain secondary periods for suspected double-mode RR Lyrae.
V139 -This variable and ZK44 are separated by only 1.15 arcsec. indicate that this star may be an RRab variable. However, no longer period would properly phase our data.
NV14 -Our variable is 3.4 arcsec from the Clement Catalog coordinates for V109.
We assume we did not detect V109 and that our star is a new variable.
For the following stars, our data suggest variability, but no period could be determined from our data: V108, V109, V110, V112, V115, V116, V137, V146, V147, V148, V149, -17 -V150, V153, V164, ZK3, ZK44, ZK47, and ZK62.
Summary
In this paper, we have presented new BV I CCD photometry for variable stars in the globular cluster M15. Our photometry was obtained with both the image subtraction package ISIS (Alard 2000) and with DAOPHOT/ALLFRAME (Stetson 1994) . Our analysis has led to the first period determinations for 40 previously known variables.
Improved periods were also obtained for 67 previously known variables, and 14 new variables were discovered in the course of our study. Our results bring the grand total of M15 RR Lyrae variables to N RR = 194, implying a specific RR Lyrae fraction of S RR = N RR × 10 0.4 (7.5+M V ) = 41.7 (for an absolute magnitude of the cluster M V = −9.17
Harris 1996), compared with the value 18.9 as given in the 2003 edition of the Harris (1996) 
